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@ Intelligent programmable sensor 



(g) An apparatus (10) for intelligent programmable sensing using elements nnounted on a sllioon base 
comprise a silicon sensor transducer (12) and a configurable analog signal conditioner (16). A 
configurable memory (18) \s part of signal conditioner (16) and stores conditionirig Instructions to direct 
conftgurable analog signal conditioner operatbns. A configurable memory (24) is part of configurabla 
analog-to-digital converter (22) and stores converting instrucUon to direct conftgurable analog-to- 
digttal converter operation. Digital signal processor (28) processes digitized signals (26) from configur- 
able analog-to-digital converter (22). A program menrary (30) stores program instructions fa* processor 
(28) to generate results (32). Configuration and results bus (34) direct communications within the 
sensor (10) and through communications interface (36). Communications interface (36) interfaces to 
system communications bus (38) to interconnect other intelligent programmable sensors (40,42) and 
supervisor monitor/oontrol computer (44) which process results/reconfiguration memories (18,24,30). 
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TECHNICAL FIELD OF THE INVENTION 

The present invention relates to intelligent prog- 
ramnnable sensing in general, and more particularly to 
an apparatus and method for Inteiligentty and prog- 
rammably sensing physical variables using a silicon 
sensor. 

BACKGROUND OF THE INVENTION 

Throughout the world, sensors systems measure 
a broad spectrum of physical variables such as 
motion, acceleration, pressure, temperature, and 
flow. Some sensor systems incorporate digital elec- 
tronic and computer technology. These types of sen- 
sor systems typically comprise a portion of the system 
that generates and processes analog signals and a 
portion that converts the analog signals to digital sig- 
nals and further processes the digital signals. Sensing 
transducers directly measure the physical variables to 
generate the analog signals. Electronic circuits and 
digital processors convert the analog signals to digital 
signals and process the digital signals. Over the 
years, digital electronic components have become 
less expensive to design and manufacture. However, 
analog components have not enjoyed the same 
reductions in design and manufacturing costs. There- 
fore, a need exists for inexpensive analog sensing 
components for electronic sensor systenns. 

In recent years, electronic system designers have 
come to realize benefits inherent in distributed data 
processing systems. These electronic systems, in 
varying degrees, receive and process data at a 
remote site before sending the data to a central point 
for computer analysis and decision making. Benefits 
in distributed data processing systems include lower 
system costs and more rapid and complete data 
analysis. If an electronic sensor system could employ 
dstributed data processing, then it could also realize 
these benefits. Thus, there is a need for an electronic 
sensor system that uses distributed data processing. 

SOicon sensors comprise trensducere that are 
fabricated from a silicon base. They have the potential 
to provide inexpensive analog sensing components 
that incorporate distributed data processing. Silicon 
transducers now exist that can produce analog sig- 
nals to measure physical variables such as nation, 
acceleration, pressure, temperature, and flow. The 
advantages of sDicon transducere are evident from a 
review of the foQowing articles: W. R. tversen. The 
Vendors Are Betting Their Chips on Silicon Sensors , 
ELECTRONICS, July 1989; and M. Leonard, IC Fab- 
rication Techniques Sculpt Silicon Sensors , ELEC- 
TRONIC DESIGN, October 26. 1989. To date, 
however, no one has come forward with a silicon sen- 
sor system that inexpensively provides distributed 
data processing. 

Some designers have attempted to incorporate 
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distributed data processing in silicon sensor systems 
by including a silicon sensor transducer, demod- 
ulator, sensor amplifier and voltage-to-frequency con- 
verter on a single silicon t>ase. Other manufacturere 

5 choose not to incorporate all of the sensor electronic 
circuitry on the same piece of silicon. Instead they 
combine a silicon transducer and analog signal cir- 
cuitry on a single silicon base and interconnect ana- 
log-to-digital conversion and other processing 

10 circuitry on an adjacent sOicon base in a single elec- 
tronic system package. While these applicatbns rep- 
resent improvements over prior technology, the way 
in which they apply signal conditioning and amplifying 
circuitry reduces the number of applications for the 

15 silicon sensors. This is because these sensors 
amplify and condition the analog signals to a fixed 
degree. These sensor systems have limited utility in 
applications requiring other degrees of analog signal 
conditioning. 

20 Silicon sensor systems having a wider variety of 
potential uses can be produced n>ore economically 
than such systems having only a limited number of 
uses. This is because manufacturers can produce 
more of them and spread out original design and 

25 development costs over a larger number of individual 
systems. Thus, manufacturers cannot mass produce 
silicon sensor systems that amplify and condition 
analog signals to only a fixed degree as inexpensh^ely 
as systems having a wider variety of applications. 

30 This limitation causes those types of sPicon sensor 
systems to be expensive, so they cannot satisfy the 
need of an inexpensive silicon sensor system that 
uses distributed data processing. Thus, there is yet 
the need for an inexpensive silicon sensor system that 

35 fully uses distributed data processing. 

SUMMARY OF THE INVENTION 

In view of the foregoing disadvantages inherent in 
40 known types of silicon sensor systems now present in 
the prior art, the present invention provkJes an intelli- 
gent, programmable silicon sensor system wherein a 
manufacturer can first fabricate the sensor and the 
user can later program it for a specific applicatton. 
45 Moreover, once the sensor is in place the user can 
reprogram the sensor to refme its sensing parameters 
as needs dictate. 

One aspect of the invention is a sensor which 
allows a manufacturer to design and fabricate a single 
so device for many applicatk>ns. The user can later pro- 
gram the sensor for a specific application. The intelli- 
gent programmable sensor of the present inventton 
pre-processes raw data to increase overall system 
efficiency. 

55 According to one aspect of the invention, the sen- 
sor includes a sensing transducer on a single silicon 
substrate base that generates an analog signal pro- 
portional to the physical variables it senses. A con- 
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figurable analog signal conditioner receives the 
analog signal from the sensing transducer and 
ampltfies, filters, and otherwise conditions the signal 
and directs the analog signal to a configurable analog- 
to-digital converter. The sensor transducer, configur- s 
able analog signal conditioner and digital converter 
reside on the same silicon base. 

Another aspect of the present invention includes 
an intelligent programmable silicon sensor on a single 
silicon base that comprises a silicon sensor trans- 10 
ducer which generates an analog signal proportional 
to the physical variables to which it responds. A con- 
figurable analog signal conditioner receives the 
analog signal that the sensing transducer generates 
and amplifies, filteis, and othenvise conditions the is 
analog signal. The signal conditioner directs this con- 
ditioned analog signal to a configurable analog-to- 
digital converter. 

According to this aspect of the Invention, the sen- 
sor system of the present invention further includes a 20 
configuration and results bus that communicates 
among the analog signal conditioner, the analog-to- 
digttat converter, a program memory, a digital signal 
processor and a communications interface. These 
elements all reside on the same silicon base. 25 

According to another aspect of the invention, the 
intelligent programmable sensor and related system 
comprise a plurality of intelligent sensors as des- 
cribed above, together with a supervisor monitor/con- 
trol computer. The supervisor monitorfcontrol 30 
computer communicates among the Intelligent prog- 
rammable sensors to program the operation of intelli- 
gent programmable sensor components as 
necessary to perform sensing functions according to 
the sensor system application. 35 

A technical advantage of the present invention is 
that it provides a single silicon sensor that a manufac- 
turer can fabricate and a user can program for the 
specific application. 

Another technical advantage of the present 40 
invention is that it provides a device that the user can 
reprogram to provide different data under the control 
of real-time supervisor computer or by human inter- 
vention. 

Yet another technical advantage of the present 45 
invention is that the user can install multiple sensors 
of the same type and program them tofonm a total sys- 
tem for complex or large scale sensor monitoring and 
control. 
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For a nwre complete understanding of the pre- 
sent invention, and the advantages thereof, reference 
is now made to the following descriptions taken in S5 
conjunction with the accompanying drawings, in 
which: 

FIGURE 1 illustrates a block diagram of the intel- 



ligent, programmable sensor and related system 
according to the present invention; 
FIGURE 2 is a combination skle cut-away and 
block diagram of the apparatus illustrating place- 
ment of the intelligent programmable sensor conv 
ponents on a single silicon chip; and 
FIGURE 3 shows an alternative embodiment of 
the present invention wherein the sensing trans- 
ducer, configurable analog signal conditioner, 
and configurable anatog-to-digital converter 
reside on a single silicon base. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURES 1-3 of the drawings, in which like num- 
erals indicate like and corresponding parts of the varh 
ous drawings, aid in developing a complete 
understanding of preferred embodiments of the pre- 
sent invention. 

FIGURE 1 provides a block diagram of a prefer- 
red embodiment of an intelligent programmable sen- 
sor 10 according to the present invention. Intelligent 
programmable sensor 10 includes sensing trans- 
ducer 12 that sends analog signal 14 to configurable 
analog signal conditioner 16. Configurable analog 
signal conditioning circuitry 16 includes configurable 
memory 18. Conftgurable analog signal conditioner 
16 sends analog signal 20 to configurable analog-to- 
digital converter 22. Configurable analog-to-dlgital 
converter 22 includes configurable memory 24, Con- 
figurable analog-to-digital converter 22 generates 
digitized signal 26 and sends this signal to digital sig- 
nal processor 28. Digital signal processor 28 also 
receives processing commands from program menv 
ory 30 and sends results 32 to configuration and 
results bus 34. 

Configuration and results bus 34 sends configu- 
ration commands to configuration memory 18 and to 
configuration memory 24, Configuratton and results 
bus 34 further sends Instructions to prognm memory 
30. Configuration and results bus 34 may also read 
existing configurations of configurable nremories 16 
and 24 and instructions in program memory 30. Con- 
figuration and results bus 34 communicates with conv 
munlcations interface 36. Comnujnicatlons Interface 
36 communicates with system communications bus 
36. System communications bus 38 conununicates 
anwng other intelligent sensors. Including Intelligent 
programmable sensor 40 and Intelligent programnv 
able sensor 42. System communications bus 38 also 
sends intelligent programmable sensor results, and 
configurable memory 1 8 and 24 and program memory 
30 status to supervisor monitor/control computer 44. 
Supervisor monitor/control computer 44 sends prog- 
ram information to intelligent programmable sensor 
10, as well as other intelligent sensore, including intel- 
ligent programmable sensors 40 and 42. 

FIGURE 2 shows a part cut-away side view/part 
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block diagram for relating the configuration of the pre- 
sent invention. Silicon transducer 12 of FIGURE 2 
operates as silicon accelerometer. Devices such as 
these have use as crash-sensors for air bag develop- 
ment, motion sensors for active suspension systems. s 
They also find use in aerospace and military appli- 
cations. 

The components as described with respect to 
FIGURE 1 (as well as the inter-component signal flow) 
are shown as block diagram elements rigidly mounted io 
as a single unit to sensing transducer 12. FIGURE 2 
further shows sensor transducer 12 as a cantilever 
design having one end of beam 50 remaining rigidly 
frxed to the sflicon suspending frame 52 at interface 
54 while the other end of beam 50 attaches to free is 
swinging seismic mass 56. A series of flexible tabs 58 
extends over underiying shelves 60 around three 
sides of seismic mass 56 to supply mechanical stops 
to prevent beam 50 from breaking during over-renglng 
in all three axis of motion. Gap 62 appiears between 20 
seismic mass 56 and base 64 to provide over-range 
damage protection from resDient oscillatbns of seis- 
mic mass 56. The device completely exposes the top 
side of the intelligent programmable silicon sensor 10 
to penmrt the addition of the remaining components of 25 
the present embodiment These components may be 
implanted into silicon substrate 52. 

Configurable analog signal conditioner 16 com- 
prises conditioning circuitry and configurable menrwry 
1 8. The conditioning circuitry may provide signal gain 30 
and, possibly, filtering. For example, signal con- 
ditioner 16 may include an integral amplifier together 
with a signal filter to reduce rtoise from sensing trans- 
ducer 12. The intelligent programmable sensor of the 
present invention also may incorporate temperature as 
compensation of analog signal 14 as a feature of 
analog signal conditioner 16. This would more accu- 
rately make analog signal 20 respond to sensing 
transducer 12 acceleration output without any 
adverse temperature effects from the sensor environ- 40 
ment. Gonftgurable memory 18 comprises a separate 
non-volatile memory. For example, configurable 
memory 18 could be a register that would change the 
gain of analog signal 14. 

Configurable analog-to-digital converter 22 conv 45 
prises analog-to-digital conversion circuitry and con- 
figurable memory 24. Configurable memory 24 stores 
operational commands that direct analog-to-digital 
converter 22 to sample analog signal 20 at a particular 
rate, and to convert that signal to digitized signal 26 so 
at a certain rate. Also, these commands may program 
the number of bits of infonmation that comprise digi- 
tized signal 26. Examples of analog-to-digital 
input/output systems that may perform the functions 
of analog-to-dlgital converter 22 are TLC32040 and 55 
TLC32041, manufactured by Texas Instruments Inc. 
of Dallas, Texas. These devices integrate a band 
pass switch-capacitor anti-alias input fater, a 14-bit re- 



solutnn analog-to-digital converter, four microproces- 
sor-compatible serial port modes, a 14-bit resolution 
digital-to-analog converter and a low pass switch 
capacitor output-reconstruction filter. Any device cap- 
able of perfdnming the functions of TLC32040 or 
TLC32041 are satisfactory analog-to-digltal conver- 
ters. 

Digitized signal processor 28 allows intelligent 
programmable sensor 10 to perform a number of drf- 
ferentfunctk)ns. Digitized signal processor 28 proces- 
ses the data that digitized signal 26 carries according 
to instructions from programmable memory 30. The 
instructions from programniable memory 30 have 
their origin in ^pervisor monitor/control computer 44. 
Results 32, therefore, comprise digital data signals 
that have been processed according to instructions 
from supervisor monitor/control computer 44. 
Because results 32 are processed according to the 
control instructions from computer 44, intelligent pro- 
grammable sensor system 10 supplies Infbmnation to 
computer 44 that is much easier to process and much 
simpler to transmit over systems communk^ations bus 
38 than raw analog signal data from sensing trans- 
ducer 12. Program memory 30 provides a standard 
non-volatile memory that allows the sensor device to 
retain its processing insbuctions and data output 
characteristics until reprogramming occurs: 

The TMS320 family of 1 6/32-bit single-chip digital 
signal processors manufactured by Texas Instru- 
ments of Dallas, Texas, have digital signal processor 
cores tiiat satisfy the requirements of digital signal 
processor 28. Digital signal processors from that 
family have a special digital signal processing instruc- 
tion set that provides a digital signal processor cap- 
able of executing 1 2.8 million instructions persecond. 
This execution rate generally handles the processing 
requirements of instructions from program memory 30 
for most sensing applications. The preferred embodi- 
ment of tile present inventton may use, however, any 
digital signal processor capable of receiving input 
from program memory 30 and digitized signal 26 to 
generate results 32 and transmit those results to con- 
figuration and results bus 34. 

Configuration and results bus 34 links oommuni- 
c^ons interface 36 to vark)us elements including 
configurable analog signal conditioner 16 and con- 
figurable analog-to-digltal converter 22. Configuration 
and results bus 34 receives supervisor commands, 
including configuration commands and processing 
commands, from supervisor monitor/control conv 
puter 44 through connmunications interface 36. The 
configuration commands are sent by configuration 
and results bus 34 to configurable memory 18 and 
configurable memory 24. These configure analog sig- 
nal conditioner 16 and analog-to-dlgital converter 22 
according to the directives of supervisor computer 44 
to change the way that signal conditioner 16 and ana- 
log-to-digital converter 22 condition analog signal 14 
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and convert analog signal 20, respectively. 

Configuration and results bus 34 also operates to 
control the data processing of digital signal processor 
28 and program memory 30. In response to results 32, 
supervisor computer 44 may direct that digital signal s 
processor 28 process digitized signal 26 differently. In 
such event, supervisor computer 44 generates a dif- 
ferent set of processing commands and sends these 
processing commands via systems communications 
bus 38 to communications interface 36. Communi- io 
cations interface 36 directs these commands over 
configuration and results bus 34 to program memory 
30. Program memory 30 stores these different com- 
mands and sends them to digital signal processor 28. 
With these different commands, digital signal pro- is 
cessor 28 processes digitized signal 26 to generate a 
different set of results 32 back to configuration and 
results bus 34. Finally, configuration and results bus 
34 relays these different processed results 32 to 
supervisor computer 44 via communication Interface 20 
36 and systems corrvnunications bus 38. Thus, con- 
figuration and results bus 34 operates as the central 
data communications path with intelligent programm- 
able sensor 1 0 of the present invention. 

System communications bus 38 Is a low-level 25 
communications bus that may be either a parallel or 
serial link among intelligent sensors, such as intelli- 
gent programmable sensors 40 and 42, and super- 
visor computer 44. Supervisor monitoi/control 
computer 44 may be any data processing device cap- so 
able of performing the nrwnitor and control functions 
described above. 

FIGURE 3 shows an alternative embodiment of 
the present invention. That embodiment comprises, 
on a single silicon base, sensing transducer 12. con- 35 
Ttgurable analog signal conditioner 16 and configur- 
able memory 16. On a separate silicon base appear 
configurable analog-to-digital conv^er 22 with con- 
figurable memory 24, program memory 30, digital sig- 
nal processor 28, configuration and results bus 34 40 
and communicatton interface 36. This 2-chip conHgu- 
ration still provides a c(»npact and highly integrated 
pair of devices of the intelligent programmable sensor 
1 0 of the present inventton. This embodiment also has 
the flexibility missing in prior silicon sensors. This 46 
embodiment also allows the user to program analog 
signal conditioner 16, both upon initial installation in 
the partksular application and In real-time according to 
the user's analyses of results 32. 

Referring now to the operation of the intelligent so 
programmable sensor 10, the following describes a 
potential appllcatton of asilicon accelerometer sensor 
incorporating the present Invention. In the field of 
machine diagnostics, machine operators use sensors 
to generate raw information that some human expert 55 
(or computer program) must interpret. These sensors, 
whether as silicon sensors or otherwise, produce 
massive amounts of data that document machine vib- 



rations over time. 

Intelligent programmable sensor 10 together with 
system communications bus 38 and supervisor moni- 
tor/control computer 44 of present invention pemiit 
removing the human expert from numerous machine 
diagnostic procedures. This is Because intelligent 
programmable sensor 10 incorporates sufficient data 
processing capability for supervisor monitor/control 
computer 44 to store processed digital data, perform 
analyses, and make decisions necessary for machine 
diagnostic procedures. For such an applicatk)n, 
supervisor monitor/ control computer 44 may reprog- 
ram intelligent programmable sensor 10 according to 
a decision making program within supervisor moni- 
tor/control computer 44. Thus, for a machine diagnos- 
tics application, if supervisor monitor/control 
computer 44 were to receive from digital signal pro- 
cessor 28 results 32 that indicate a machine is begi- 
nning to act abnormally by reaching certain 
operational set points, supervisor computer 44 nr^y 
direct program instructions to program memory 30 to 
change the mode of digital signal processor 28 oper- 
ation. 

These different commands may, for example, 
direct digital signal processor 28 to take a closer look 
at a more refined frequency of machine vibration for 
the purpose of isolating a component that may be fail- 
ing. At the same tlnf>e, supervisor computer 44 may 
direct configurable memory 18 and configurable 
memory 24 to change the operation of analog signal 
conditioner 16 and analog-to-digital converter, re- 
spectively. For example, supervisor monitor^conb'ol 
computer 44 may direct analog signal conditioner 16 
to increase the gain of analog signal 20 that it sends 
to analog-to-digital converter 22. Supervisor moni- 
tor/control computer 44. for example, may further 
direct analog-to-digital converter 22 to increase the bit 
rate of digitized signal 26. These changes increase 
the resolution and Increase the frequency band wkith 
of vibratbn analyses for vibraUons that transducer 12 
senses. The results 32 that these changes yield may 
be cr{tk:al to isolate a partlcularfaliing component bef- 
ore the component prohibits machine operation or 
could indicate an approximate estinr^ated time before 
that component falls. Intelligent programmable sen- 
sor 10, therefore, can produce substantial Improve- 
ments in machine diagnosis and operation. 

Although this description describes the invention 
with reference to the above specific embodlnnents, the 
claims, and not this description limit the scope of the 
invention. Various modifications of the disclosed 
embodiment, as well as alternative embodiments of 
the invention will become apparent to pereons skilled 
in the art upon reference to the above descriptton. 
Therefore, the appended claims will cover such mod- 
ifications that fall within the true scope of the inven- 
tion. 

By way of one example of a change in embodl- 
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ment« system 38 can be, for exampte, a wreless 
transmission line so that a system can send instruc- 
tions from remote locations. 



Claims 

1. An apparatus for intelligent programmat)le sens- 
ing using elements mounted on a silicon base, 
said elements comprising: 

a transducer seasing physical variables 
and generating a plurality of raw signals repre- 
senting said sensed physical variables; and 

a configurable signal conditioner for 
receiving said raw signals from said transducer 
and for conditioning and transmitting a plurality of 
conditbned signals, said configurable signal con- 
ditioner further comprising: 

a configurable memory for storing at least 
one signal conditioning instruction for directing 
said configurable analog signal conditioner. 

2. The apparatus of Claim 1 wherein said signals 
are analog and wherein in said apparatus further 
comprises: 

an analog-to-digital converter on said sili- 
con base for receiving said conditioned signal 
and converting said conditioned signal to a 
plurality of digitized signals. 

3. The apparatus of Claim 2, further comprising a 
configurable memory on said silicon base and in- 
tegral to said configurable anslog-to-digltal con- 
verter for storing at least one signal converting 
instruction for directing said configurable anatog- 
to-digltai converter. 

4. The apparatus of Claim 3, further comprising a 
digital signal processor on said sOicon base and 
in communication with said analog-to-digital con- 
verter for processing said digitized signals from 
said configurable anatog-to-digltal converter. 

5. The apparatus of Claim 4, further comprising a 
program memory on said silicon base and in conr)- 
munlcation with said digital signal processor for 
storing a plurality of program instructions for con- 
trolling digitized signal processing and directing 
said digital signal processor to process said digi- 
tized signals according to said program instruc- 
tions. 

6. The apparatus of Claim 5. further comprising a 
configuration and results bus on said silicon base 
and in communication with said configurable 
menrwry of said signal conditioner, said configur- 
able memory of said analog-to-digital converter, 
said program menriory, and said digital signal pro- 
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cessor for directing communications throughout 
said intelligent programmable sensor. 

7. The apparatus of Daim 6 wherein said apparatus 
5 communicates with external circuitry and wherein 

said apparatus further comprises a comnmjnt- 
cations Interface residing on said sOicon base and 
in communication with said configuration and 
results bus for interfacing communication signals 
10 between said apparatus and said external cir- 

cuitry. 

8. An apparatus for intelligent programmable sens- 
ing using elements mounted on at least two silf- 

f5 con bases, comprising: 

a silicon sensor transducer integral to a 
first one of said silicon bases for sensing physical 
variables and generating a plurality of raw analog 
signals representing said sensed physical vari- 

20 ables; and 

a configurable analog signal conditioner 
also mounted on said first silicon base for receiv- 
ing said raw analog signals from said transducer 
and for conditioning and transmitting a plurality of 

25 conditioned signals, said configurable signal con- 
ditioner further comprising: 

a configurable memory for storing at 
least one signal conditioning instruction for direct- 
ing operations of said configurable analog signal 

30 conditioner 

an analog-to-digital converter moun- 
ted on at least one other silicon base on the single 
silicon base for receiving said conditioned analog 
signal; and 

35 converting said conditioned analog 

signal to a plurality of digitized signals, said ana- 
log-to-digital converter further comprising: 

a configurable memory integral to 
said configurable anaiog-to-digital converter for 

40 Storing at least one signal converting instruction 
to direct operations of said configurable analog- 
to-digital converter. 

9. The apparatus of Qaim 6, further comprising a 
45 digital signal processor mounted on at least one 

sQIcon base other than said first base and In conv 
munication with said analog-to-digital converter 
for processing said digitized signals from said 
configurable analog-to-digital converter. 

50 

10. The apparatus of Qaim 9. further comprising: 

a program memory in conrununicatlon with 
said digital signal processor for storing a plurality 
of program instructions for controlling the proces- 
55 sing of said digitized signals and directing said 
digital signal processor to process said digitized 
signals. 

7 
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11. The apparatus of Claim 10 and further compris- 
ing: 

a configuration and results bus on the 
single silicon base and in communication with 
said configurable memory of said signal con- s 
ditioner. said configurable memory of said ana- 
log-to-digita! converter, said program memory, 
and digital signal processor for directing com- 
munications throughout said apparatus. 

10 

12. The apparatus of Claim 11 wherein said 
apparatus communicates with external circuitry, 
said apparatus further comprising: 

a communications interface in communi- 
cation with said configuration and results bus for is 
interfacing communication signals between said 
apparatus and said external circuitry. 

1 3. A system for intelligent programmable sensing for 
diagnostic analyses, said elements comprising: 20 

a sensor accelerometer integral for seas- 
ing physical variables and generating a plurality 
of raw signals representing said sensed physical 
variables; 

a configurable signal conditioner in com- 25 
munication with said accelerometer for receiving 
said raw signals from said accelerometer* 

circuitry for transmitting a plurality of con- 
ditioned signals carrying diagnostics data; and 

a configurable memory for storing at least 30 
one signal conditioning instruction for controlling 
said configurable signal conditioner wherein said 
sensor* said signal conditioner and said memory 
are mounted as a unitary structure. 

35 

14. The system of Claim 13 wherein said unitary 
structure further comprises: 

a digital converter for receiving said con- 
ditioned signal and converting said conditioned 
signal to a plurality of digitized signals carrying 40 
machine diagnostics data; 

a configurable memory for storing at least 
one signal converting instruction to control said 
configurable digital converter; 

a digital signal processor and in communi- 4S 
cation with said analog-to-digitat converter for 
processing said digitized signals from said con- 
figurable digital converter and producing digitally 
processed machine diagnostics data; 

a program memory in communication with so 
said digital signal processor for storing a plurality 
of program instructinasfor controlling the proces- 
sing of said digitized signals and directing said 
digital signal processor to process said digitized 
signals carrying machine diagnostics data; 55 

a configuration and results bus in com- 
munication with said configurable memory of said 
signal conditioner, said configurable memory of 



said digital converter, said program memory, and 
digital signal processor for directing communi- 
cations throughout said system; 

circuitry external to said unitary structure; 

and 

a communications interface and in com- 
munication with said configuration and results 
bus for interfacing communicatins signals be- 
tween said intelligent programmable sensor and 
said external circuitry. 

15. The system of Claim 13, further comprising: 

circuitry for monitoring said conditioned 
signals; and 

circuitry controlled jointly by said signal 
converting instructions and by said nrwnitored 
conditioned signal for changing said signal con- 
ditioner. 

1 6. A system for integrating intelligent programmable 
sensors, comprising: 

a systems communications bus; 

at least one transducer for sensing physi- 
cal variables and generating a plurality of raw sig- 
nals representing said sensed physical variables; 
and 

programmable circuitry in communication 
with said at least one transducers for processing 
said raw signals and generating digital data rep- 
resenting said sensed physical variables, said 
programmable circuitry residing on a single sili- 
con base with each of said at least one transduc- 
ers; and 

a supervisor monitor/control computer in 
communication among said sensors via said sys- 
tem communications bus. 

17. The system of Claim 16, further comprising conv- 
munications circuitry for directing intemal com- 
munications t>etween said programnDable 
ctoiitry and said at least one transducers. 

18. The system of Claim 17, further comprising com- 
munications circuitry for directing external conv 
munications between said programmable 
circuitry and said supervisor monitor/control com- 
puter 

19. A method of physical variable sensing using an 
intelligent programmable seasor on a siicon base 
comprising the steps of: 

sensing physical variables with a trans- 
ducer and generating a plurality of raw signals 
representing said sensed physical variables; and 

receiving said raw signals from said trans- 
ducer in a signal conditioner ; 

conditioning said raw signals in a signal 
conditioner; 
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transmitting a plurality of conditioned sig- 
nals from said signal conditioner; and 

storing at least one signal conditioning 
instruction for directing operations of said con- 
figurable signal conditioner In a configurable 5 
memory. 

20. The method of Claim 19, further comprising the 
step of receiving said conditioned signals and 
converting said conditioned signals to a plurality io 
of digitized signals. 

21. The PDethod of Claim 20, further comprising the 
step of digitally processing said digitized signals 
from said configurable analog-to-digital converter is 
using a digital signal processor. 

22. The nnethod of Claim 21. further comprising the 
steps of storing in a program mentory a plurality 

of program instructions for controlling the proces- 20 
sing of said digitized signals and applying said 
instructions to direct said program memory said 
digital signal processor to process said digitized 
signals. 

25 

23. The method of Claim 21, further comprising the 
step of directing digital signal communications 
among said configurable memory of said signal 
conditbner, said configurable memory of said 
analog-to-digital converter, said program mem- 30 
ory, and digital signal processor using a configu- 
ration and results bus on the single silicon base. 

24. A method of physical variable sensing that inte- 
grates intelligent programmable sensors with 35 
sensing system nranitoring and control, compris- 
ing the steps of: 

sensing physical variables using at least 
one intelligent progranrunabte silicon season 

interconnecting said at least one intelligent 40 
programmable seasors with a supervisor moni- 
tor/control computer; and 

monitoring and controlling said at least one 
intelligent programmable sensor with said super- 
visor monitor/control computer. 45 
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(54) Intelligent programmable sensor 

[57] An apparatus (10) for intelligent programmable 
sensing using elements mounted on a silicon base com- 
prise a silicon sensor transducer ( 1 2) and a configurable 
analog signal conditioner (16). A configurable memory 
(18) is part of signal conditioner (16) and stores condi- 
tioning instructions to direct configurable analog signal 
conditioner operations. A configurable memory (24) is 
part of configurable analog-to-digital converter (22) and 
stores converting instruction to direct configurable ana- 
log -to-digital converter operation. Digital signal proces- 
sor (28) processes digitized signals (26) from configura- 
ble analog-to-digital converter (22). A program memory 
(30) stores program instructions for processor (28) to 
generate results (32). Configuration and results bus (34) 
directs communications within the sensor (10) and 
through communications interface (36). Communica- 
tions interface (36) interfaces to system communica- 
tions bus (38) to interconnect other intelligent program- 
mable sensors (40,42) and supervisor monitor/control 
computer (44) which process results/reconfiguration 
memories (18.24.30). 
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